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EFFECT OF STRUCTURE IN MIDDLE PART OF
LEADING EDGE OF A THICK WING.*

Communi catisn from Ryks-8tudiedlenst voér.de Inmchtveart,
of Amsterdam.
On the Foxker F III ailrplane, the pllot's seat i1s under the
front rart of the wing. Above thls seat the wing ls arched out
%o make room for the pllot's head. A portion of the leading edge |
is out away, leaving a space of sufflclent width to enable the
pilot to look forward along the fuselage. In front of this open-
ing is a wind shield attached to the fuselags. For the sake of
improving the view, 1t would seem desirable to remove a larger por-
tion of the wing. The experiments herein desoribed were made for
the purpose of finding whether this modification would be possibls,
without too great detriment to the asrodynamic properties of the
airplans.
Deacription of Model Used.

Experiments were made with the alrplane model No.5, which is
& combination of an existing model of a thick wing, similar in its
general characteristios to the wing of the Fokker F III, with a
model of the fuselage of the latter airplane made on the same socale
a8 the wing. The landing gear, propeller and tall were omitted,
" as these rarts were not necesseary for the experiments. The model
wes nade of mahogeny. An opening of the'same shape as that on the
‘"ull-sige airplane was made in the leading edge of thé wing extend-

ing 10 mm beyond either side of the fuselags. Drawings of the modsl

with the principal dimensions, are given in Figs. 1 and 3, while

* From Premisr Congres International de la Navigation Adrienne, Tol.
II, pp. 33-38, Paris, November, 1931. (Communication from tte "TRijk=
Studiedienst voor de Luchtvaart" at Amsterdam.
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Fig. 4 18 & longitudinal seotion of tke front part.

Several modifioations wore successlvely tried, tke first, des-
ignated model Ko. 5~A, made uae“of a brass windrsnield of the same
width as tkhe fuselage, with 1ts top edge Jjolmed tn the top edge of
the opening. In model 5-B the openings at the lateral ends of the
wind-shleld were filled with paraffin, thus restoring the normal
wing-section at these points. . Iﬁ all the suoceeding models thils
fi1lling was removed, but the wind-shield was not changed. Suocsss-
ive models were obtained by removing portions of the wing over the
Pilot's seat extsnding the whole width of tae original opening.
The helght of the arch is shown in Fig. 4. On the full-sized =2ir-
plane, the depth of the opening 1s limited by the position of the
front wing-spar. Model 5-E conforms to this limitation.

Mothod of Tegting. .
Experiments were conducted ir the tumnel of tkae R.S.L. (R1jks

Studiedienst voor de Luohtvaart) with a veloolty of 38 m/sec. The
horizontal and vertical stresses were measured with an Eiffel bal-
ance for sngles of attaock ranging from —8° to +8°. From these neas—
'urements, with the aid of the absolute coeffiocients and the follow-
ing fomhs, the components Ky and Rx were obtainsd.

Ry=L°§SV°

Ry, vertical component of drag in kg;;
Ry, horizontal T mow




L, and Dy, absolute coeffiocients of 1ift and drag;

=i

, nags~density of alr;
P, weight of air in kg/m.3
g, aoceleration of gravity in m/seo

o]

, area of wing in square meters;

V, relative velocity of wind in m/seo. ;

Regulis of Tegts,

-The values found for the coefficients ara repreosented grapLio-
slly by polar curves (Fiz. 5J. In considering these results, we
m:8t bear ir mind that the model tested does not represent a com-
plete airplane, in that several parts are lacklng, whioh would con-
siderably ircrease the drag due to parasite resistance. The valuass
found for the coefficients of drag are thersfore smaller for the
rodel than thsoy would be for the complete alrplans, while the dii-
ferences Setween the coefficlants obtalned for tha different models
ar3 relatively too great. The following process of reasoning wlll
give us o better appreciation of the significance of these differ-
ences.

For a ocomplete ailrplane model verry similar to the one under
consideration, there was found a minimum drag coeffioient of
0.0385.* It was also found that the parasite resistance of this

model was nearly constant for the angles of attack employed in

* Alrplans model No. 1-C: Hodel of Fokker F II airplane in whickh
tZe front part of ths fuselage was modified. A report of these re-
searches has just been published in "Verslagen en varhandelingsen
van den Rljksstudledlenst voor de Luchtvaart," I, 1931.
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normal flight. Iﬁ the tests under consideration, there was foﬁnd

for.modol 5-A & minirum D, of 0.0205. We oan therefore obtain

e
LTS

approximate values for the drag coefflcients of the comrlete model
by essuming an increase of 0.008 of the values found, 'This is done
in the example given further on. The polars of Fig. 5, however,

give the.values obtalned from the expeiiments;

Influence of wind-shield and of f£illing openings at ends (mod-
8ls 5-A end 5-B).- The wind-shleld exerts a percertible influenoe

Tor all angles of attaok. 'Thib influonce 1s the emallest when
Ly = 0.300 and inoreases for other values of tals coefficient.

Filling the opening at both ends of the wind-shield makes very
1ittls difference.

Models $5-A, 5-C and 5-F.- On increasing the height of the op-
ening 3 mm (No; 5-C), wé obtain an inorsase in the ooefflolent of
dreg, for large values of Ly, ocorresponding to that obtained by
. reﬁoving the wind-shield. The inorease is still gresater for small
values of L,. : |

When the dimensioné of the opening are made still graater
(Nos. 5-D and .5-E), we find Quite a large decrease in the coeffi-
olent of 1ift, as well a8 an inorease in the coefficient of drag.

When ws give the opening such & shape that we producs a wing
section (No. 5-F5 for the ocentral part of the lifting surface, we
oﬁtain mere favorable values than with a vertical edge (No. 5-E).
The latter shape is not practicable in a regular sirplane, since

it glves too unfavorable values.
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Numeriocal Example.
In-order. to make the importance of the differences more easlly
understood, we have caloulated from the results of the experiments
the power required for flight by an airplane with a wing surface

cf 43 square meters, for different welghts and speeds. Ve made the

fellowlng assumptions:

1. Tast the value of the coefficients doss not change in pass-
ing from the modal to the full-sigzed alrplane; .

3. That the afficlency remains constant and is 0.7;

3. That.we may disregard the increase in drag dus to the 1ln-
crease 1n tha veloclty of the propeller alip strean;

4. Trat the parasite resistanoce not included in the model is
estimated at Dop = 0.008.

Consequently, we ovbtained only comparative values. For the

caloulation, we employsd the following formulas:

o]
Q,=Lo'éSV

70 B P (Dx+Dop)'§psv

in which .

Q is weight of ailrplane in kg;

8, area of wing in square meters;

V, spead of airplane in meters per second; '
Lo, Dg, absolute coeffiocients of 11£% and drag for model;
Dep, absolute coefficlent of parasite resistance;

P/g, mass-density of air;

p, welzht of alr in kg/m®
g, acoeleration of gravity in m/sec?®
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M, effiolency of propsller.
The rssults are given 1n the following table:

Vin | Q in HP for Model Number.
km/h kg 5 5-A 5-B 5-C 5-D 5-E 5-F
100 | 13900, €7 63 63 68 73 100 70
1600 82 75 78 el 73 136 87
120 | 1370 108 106 104 113 117 134 115
1600 113 103 106 113 131 158 117
3000 125 115 131 125 136 197 I 132
140 | 1300 182 176 174 191 1c4 303 121
1 1800 i 171 168 165 178 185 all 183
2000 171 168 165 176 188 235 183

The sbove figures confirm the statements in this report as to

the ef fect of the modifications.

Longluglonsg.

The results of the tests suggest the following conclusions:

1. The presence of the wind-shield has a favorable influence
on the aerodynamio properties, while the filling of the.openinga at
the ends of the wind-shield has little effeoct;

3. A small upward extension of the opening, without a wrres-~

- ponding extenaio? of the wind-shield (model No.5-0), exerts a decid-
-gdly unfavorable 1nfluepce, while e larger sextension is ingdmissi-
513, on account of the resulting excessive lnorease in the head re-

3lstanoe.
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If, therefore, i1t should be necessary to extend the opening
vgigpe;, for the sake of obtalning a better view, it must be ologsd

with some transparent material, S0 as to preserve a8 nearly as pos—

sible the upper camber of the wing.

Translated by the National Advisory Committee for Aeronautiocs.



Fig. 4

Figs. 1, 3, 3 and 4. Views of the models showing
the different structures.
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